Multicentric Castleman's disease is a systemic inflammatory disorder characterized by lymphadenopathy and excessive interleukin-6 production. A unique clinicopathologic variant of multicentric Castleman's disease, TAFRO (i.e., thrombocytopenia, anasarca, fever, renal failure or reticulin fibrosis, and organomegaly) syndrome, was recently proposed in Japan. Despite the successful use of anti-interleukin-6 therapy in some patients with TAFRO syndrome, not all patients achieve remission. The pathophysiological etiology of and suitable therapeutic strategies for this variant have not been established. Here, we present our experience of a unique case of TAFRO syndrome in a 78-year-old woman whose symptoms responded differently to several therapies. Tocilizumab, an anti-interleukin-6 receptor antibody, successfully induced remission of fever and lymphadenopathy. However, severe thrombocytopenia persisted and she developed anasarca, ascites, and pleural effusion shortly thereafter. Rituximab, an anti-CD20 antibody, and glucocorticoid therapy provided no symptom relief. In contrast, cyclosporine A, an immunosuppressive agent that blocks T cell function by inhibiting interleukin-2, yielded immediate improvements in systemic fluid retention and a gradual increase in platelet count, with complete resolution of disease symptoms. Excessive serum interleukin-2, when used as an anti-cancer agent, has been reported to cause side effects such as fluid retention, thrombocytopenia, and renal failure. Our case was unique because the antiinterleukin-2 therapy successfully improved symptoms that were not relieved with anti-interleukin-6 therapy. The present report therefore provides insight into the possible role of interleukin-2, in addition to interleukin-6, in TAFRO syndrome. This report will certainly help to clarify the pathogenesis of and optimal treatment strategies for TAFRO syndrome.
Introduction
Castleman's disease (CD), which was first described in 1956 by Dr. Benjamin Castleman and colleagues, comprises a heterogeneous group of rare disorders characterized by polyclonal B lymphocyte proliferation (Castleman et al. 1956 ). In the 1980s, Frizzera and coworkers reviewed three types of eponymous variants: localized CD, hyaline-vascular type; localized CD, plasma cell type; and multicentric CD (MCD) (Frizzera et al. 1983; Frizzera 1988) . MCD presents with episodic systemic inflammatory symptoms, reactive proliferation of morphologically benign lymphocytes, and multiple organ system impairment due to the excessive production of interleukin-6 (IL-6) and other proinflammatory cytokines. Moreover, MCD is most commonly accompanied by symptoms and signs of autoimmunity (Muskardin et al. 2012; Fajgenbaum et al. 2014) . In Western countries, MCD is usually associated with human herpes virus-8 and human immunodeficiency virus infection. In contrast, Japanese patients with MCD seldom harbor these viruses . Takai et al. (2010) reported three patients who shared a constellation of symptoms, thrombocytopenia, anasarca, fever, reticulin fibrosis, and organomegaly, as well as hyaline-vascular-type histology in the lymph node of one patient. Since then, additional case reports (Inoue et al. 2013; Masaki et al. 2013 ) involving this constellation of symptoms have been published. These findings collectively suggest a novel clinical entity comprising systemic inflammatory disorders on a background of immunological abnormality that exceeds the ordinary spectrum of MCD.
At first, all reported cases of this systemic inflamma-tory disorder involved Japanese patients. Therefore, a research meeting was organized in Japan to clarify this novel clinical entity as well as its diagnostic criteria and treatment. Accordingly, Kawabata et al. (2013) proposed the clinical term "TAFRO" (i.e., thrombocytopenia, anasarca, fever, renal failure or reticulin fibrosis, and organomegaly) syndrome, for which the proposed diagnostic criteria are shown in Table 1 . However, a case of a South Asian adolescent with TAFRO syndrome was recently reported in India (Koduri et al. 2014) , indicating that TAFRO syndrome is not endemic only to Japan. The pathophysiology of TAFRO syndrome is poorly understood, and no therapeutic strategy has been established. Here, we report a case of TAFRO syndrome successfully treated with the immunosuppressant agent cyclosporine A (CyA). CyA reduces immunologic activity by interfering with T cell growth and activity via the inhibition of calcineurin, which, under normal circumstances, is responsible for activating the transcription of interleukin-2 (IL-2) (O' Keefe et al. 1992) . The clinical course of the present patient was unique in that her symptoms responded differently to various therapeutic approaches, suggesting that dysregulation of multiple immunological processes might contribute to the pathogenesis of TAFRO syndrome.
Case Presentation
A 77-year-old Japanese woman was admitted to our hospital with a tentative diagnosis of malignant lymphoma. One month before admission, anemia and thrombocytopenia were identified during an annual medical checkup. Three weeks before admission, the patient developed a high-grade fever and was prescribed several series of antibiotics. However, her intermittent fever remained, and her general condition gradually deteriorated. She was referred to our hospital with anemia, thrombocytopenia, and a fever of several weeks' duration. Her previous medical history was unremarkable, except for tuberculosis and right hip replacement, and she neither smoked nor drank alcohol.
Upon physical examination, slight pitting edema was present on the dorsa of both hands and both legs. No skin lesions were observed, and her superficial lymph nodes were not palpable. Laboratory test results revealed normocytic anemia, thrombocytopenia, renal dysfunction, and an elevated serum C-reactive protein (CRP) level (Table 2) . Her serum immunoglobulin (Ig) G level was 1,318 mg/dl, with no detectable M-protein. Her serum complement level was within normal limits. An antinuclear antibody test yielded a score of ×80 with a speckled and homogenous pattern. Her anti-Sjögren's syndrome antigen (SS)-A antibody test result was positive, but results for double-stranded DNA, ribonucleoprotein, Smith, SS-B, and Jo1 antigen antibodies were negative. Proteinase 3-anti-neutrophil cytoplasmic antibodies (ANCA) and myeloperoxidase-ANCA were not elevated. The platelet-associated IgG (PAIgG) level was 96 ng/10 7 cells. Her serum soluble IL-2 receptor (sIL-2R) and IL-6 concentrations were elevated at 2,490 U/ml and 26.9 pg/ml, respectively, whereas her serum angiotensin-converting enzyme concentration was not elevated; repeated blood cultures were sterile. QuantiFERON-TB and β-d-glucan test results were both negative.
Bone marrow examination revealed hypoplastic marrow with increased numbers of myeloid cells and megakaryocytes without myelofibrosis. No atypical phenotype populations were detected. Moreover, 18 F-fluoro deoxy- glucose positron emission tomography (FDG-PET) revealed weak uptake in the spleen and bilateral cervical, supraclavicular, axillary, abdominal para-aortic, and mesenteric lymph nodes (Fig. 1) . Left cervical lymph node biopsy was performed on day 11 (Fig. 2) . Histopathological examination revealed lymphoid follicles with atrophic germinal centers and interfollicular expansion, as well as blood vessel penetration and tight concentric lymphocytic layers. The interfollicular zone was characterized by proliferating endothelial venules and infiltrating mature plasma cells. These findings were consistent with the manifestation of mixed-type CD. Flow cytometric analysis of the lymph node cells revealed a normal kappa/lambda light chain ratio. Based on these findings, the patient was diagnosed with MCD.
Tocilizumab (8 mg/kg), an anti-interleukin-6 receptor antibody, was initiated on day 19, administered one week later, then every two weeks (days 19, 26, 40, and 54) . Her fever and lymphadenopathy improved immediately, and her CRP level decreased gradually. In contrast, her thrombocytopenia and anasarca persisted and gradually worsened, and she developed bilateral pleural effusion and massive ascites. In addition, her serum IL-6 level increased to 282 pg/ml, without serum vascular endothelial growth factor elevation. An ascites sample was sterile, and no lymphoma or other malignant cells were detected in the samples. Additional Table 2 . Laboratory data upon admission.
WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet; PT, prothrombin time; PT-INR, prothrombin time-international normalized ratio; APTT, activated partial thromboplastin; FDP, fibrin/fibrinogen degradation products; AT-III, antithrombin III; TP, total protein; T-Bil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; γGTP, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; CK, creatine kinase; UA, uric acid; Cre, creatinine; BUN, blood urea nitrogen; T-CHO, total cholesterol; TSH, thyroid stimulating hormone; F-T4, free thyroxine; BNP, brain natriuretic peptide; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ACE, angiotensin-converting enzyme; PCT, procalcitonin; C3, complement 3; C4, complement 4; CH50, 50% hemolytic complement; ANA, anti-nuclear antibody; EBV, Epstein Barr virus; VCA, viral-capsid antigen; EBNA, EBV nuclear antigen; EADR, early antigen-diffuse and restrict complex; CMV, cytomegalovirus; Ab, antibody. Fig. 1 .
18 F-fluorodeoxyglucose-positron emission tomography (FDG-PET) images at admission. Multiple enlarged lymph nodes were observed among the cervical, supraclavicular (A), axillary (B), and abdominal para-aortic and mesenteric (D) lymph nodes at admission (white arrows). The patient also exhibited splenomegaly with weak FDG uptake (C). 
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The interfollicular zone is characterized by proliferating endothelial venules (white arrowheads) and a large number of infiltrating mature plasma cells (original magnification, ×400). ) was initiated on day 36 but provided no symptom relief. Based on her clinical course and laboratory data, we made a definitive diagnosis of TAFRO syndrome (Fig. 3A) .
Rituximab (375 mg/m 2 ), an anti-CD20 antibody, was introduced on day 61 and the therapeutic corticosteroid dosage was increased to 1 mg·kg −1 ·day −1 on day 72, but neither provided symptom relief. On day 81, she was treated with the immunosuppressive agent CyA at 100 mg/day. Her systemic fluid retention improved immediately, and her platelet count increased gradually. This CyA dose was maintained to achieve a target trough level of 100-150 ng/ml, and corticosteroid therapy was tapered carefully (50, 40, 30, 25, 12.5, 10, 7 .5, and 5 mg on days 72, 79, 86, 93, 100, 107, 114, 135, and 171, respectively) . On day 130, the patient developed pneumocystic pneumonia, which was successfully treated with sulfamethoxazole-trimethoprim. After undergoing rehabilitation, she was discharged on day 172 (Fig. 3B ). One year after discharge, the patient has remained well; her initial symptoms disappeared without any signs of disease recurrence.
Discussion
MCD comprises a heterogeneous group of rare and poorly understood disorders characterized by the proliferation of morphologically benign lymphocytes following proinflammatory hypercytokinemia, most notably IL-6. Diagnosis is based on the presence of lymph node histopathologic features and clinical correlates characteristic of CD after the systematic exclusion of all other infectious, autoimmune, and neoplastic diseases known to exhibit the same features as MCD (Fajgenbaum et al. 2014) . The new disease concept of TAFRO syndrome was recently proposed in Japan as a unique clinicopathologic variant of MCD. TAFRO syndrome currently poses serious diagnostic and therapeutic challenges for pathologists and clinicians. Fajgenbaum et al. (2014) recently proposed a novel model of MCD pathogenesis. In this model, MCD is regarded as a common endpoint reachable through multiple processes each involving immune dysregulation and a common pathway of elevated proinflammatory cytokine release (e.g., IL-6 and vascular endothelial growth factor). At least one of the following three candidate processes is responsible for driving MCD hypercytokinemia: (1) autoimmune/ autoinflammatory mechanisms, (2) ectopic cytokine secretion by tumor cells within lymph nodes or extranodally, and (3) viral signaling. These proinflammatory cytokines subsequently trigger further immune responses to promote the inflammatory process. The perpetuation of proinflammatory hypercytokinemia by this positive feedback loop is considered the key pathway that results in the subsequent clinical and histopathologic features of MCD.
Several features of TAFRO syndrome differ considerably from those of MCD, including severe thrombocytopenia, massive fluid retention, and steroid therapeutic efficacy.
As TAFRO syndrome is currently considered a variant of MCD, it should share some aspects of the pathological pathway of MCD. However, as shown in our case, some clinical features of TAFRO syndrome cannot be ameliorated via IL-6-related pathway blockade, suggesting the existence of an immunological disturbance independent of the above-described proinflammatory cytokine feedback loop. This suggests that TAFRO syndrome may actually not be a variant of MCD, but rather a distinct immunological disorder that shares some clinical features of MCD.
As in our case, some patients with TAFRO syndrome have been reported to achieve remission with CyA treatment (Takai et al. 2010; Inoue et al. 2013) . However, in contrast to our patient, patients in previous reports did not receive tocilizumab therapy. As mentioned previously, CyA suppresses the whole immune system, including IL-6-related pathways (Moutabarrik et al. 1994 , O'Keefe et al. 1992 . CyA interferes in T cell activity via the inhibition of calcineurin, which under normal circumstances, is responsible for activating IL-2-encoding gene transcription. Therefore, findings from previous cases could not sufficiently suggest the possible existence of an IL-6-independent pathway in the pathogenesis of TAFRO syndrome. Our case is the first to suggest that, in addition to IL-6, an IL-2-related immunological abnormality plays a role in the pathogenesis of TAFRO syndrome. Moreover, in support of this hypothesis, IL-2 administration is known to induce capillary leak syndrome, elevated creatinine levels, and thrombocytopenia in some cases when used to treat cancer (Atkins et al. 1999; Atkins 2002; Petrella et al. 2007 ). As IL-2 has recently received attention as an effective immunotherapy for human cancers, several clinical trials have revealed the abovementioned toxic effects of IL-2 therapy (Rosenberg 2014) . These clinical manifestations are common symptoms of TAFRO syndrome, but are rarely observed as clinical manifestations of MCD. Taken together, the involvement of an IL-2-dependent pathway in addition to IL-6 should be considered in the etiology of TAFRO syndrome. Although additional investigation is required to test this hypothesis, we are certain the case reported herein will provide clues to a better understanding of the pathological mechanism of TAFRO syndrome.
In conclusion, the etiology, pathology, and strategies for the optimal management of TAFRO syndrome remain unclear. TAFRO syndrome likely has unique pathogenesis that distinguishes it from the ordinary pathogenesis of MCD. We propose a hypothesis concerning the potential role of IL-2 in TAFRO syndrome on the basis of clinical observations from a limited number of cases. Therefore, multicenter clinical surveys of similar cases are required to better understand this rare disease.
